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(57)Abstract: 

PURPOSE: To widen driving area of a probe and easily 
manufacture an apparatus, by setting a minute 
displacement lever with an arch warp or providing a 
middle electrode and a piezoelectric body to warp the 
lever like an arch at a driving time with piezoelectricity, 
increasing a shifting amount of a front end of the lever 
and enlarging a gap between the lever and a substrate. 
CONSTITUTION: A space 4 is formed at a silicon 
substrate 1 having a lower electrode 3 formed on an 
insulating layer 2, thereby forming an arch-shaped lever 
5 in a hollow structure. The lever 5 is fixed to a beam 6 
supported at both parts and the beam 6 is fixed to a 
supporting part 7. When an external force is applied to a 
part of the lever 5, a torsion stress is generated in the 
beam 6, so that the lever 5 is oscillated with the beam 6 
as the axial center. An upper electrode 8 for the purpose 
of electrostatic driving, a data input/output chip 9 and a 
data input/output wiring 10 are formed on the lever 5. In 
order to drive the probe 0, a voltage is impressed to the 
lower electrode 3, thereby, a rear end of the lever 5 is attracted to the lower electrode 3 and 
the lever 5 is oscillated around the axis of the beam 6. As a result the chip 9 is brought close 
to a sample. At this time, an oscillation range is enlarged because of warping of the lever 5. 
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[<$l¥iii*©f5B] 

[183*31 1 ] ««Jb#©toi;*i»tt*fc ofc*¥^sc 

^(iu^-t, f2®/j^<iu^-*&a$t*£/c«>©p 

<t % WT & T ^ x - £ 5Cfe <, » x . 
BWB»/h£fi]^<-©*J>tt< <t fc— »**WE*¥aKC¥ 

[IS3SS2] ««±#©tai;*i#tt*«> 

«ri3»«i©H«c^BS*WrS8c io 

nmsEiiij^ta <t * wr £ r t> ? x - * tc ** <, >r . 
i-r *waitt«:s*««Bt*r set £ f sr ^ 

[W*3B3] «|3jl«lK«©7i'**:c---**£tfW 

f*W6»tirt»*tiMBAW*ffl©5 p o-^. 20 
[IS5J914] ii*lI2IBt£©Ti'g 1 *x-^?r$ifm 

[I9#JS5] H3J?ig3&fctt4fa*g©7-a-7\ 
[000 1 ] 

ntc pqsBtts o st/J^fit u * - m y n - y at c ti z 
m^tcj£&my'u-7'$mm (spm) sc^iBsan*^ 

[0 00 2] 

[«£*©««] H7B. u^m<D^mk\y^--m-yo- aq 
yvmmx&z,. 

[000 3] SiS. ©^^©ST-tSig^SStll 
^■C*^,^SMh>^^iic^ (««. STMtiSt) 
tm%iZ1n [G. Binnig et al.Phy 

s. Rev. Lett, 49, 5 7 (1 982)].* 

KAm^TklfrfEU a* ©tm«c# Lxmm>c£& 



ft&lW-a - 7 5 7 5 8 
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M»:^)S©7-^ ^^'<!:««14«J®ratC«E?Srftn*'ri n 
migS©ffig|Stjfi-^W*i h>*^«SS3&iSSti5Ci 
**Jffll/Tt>*. c©TOttPi#©n5f»EftH:#fccctt 

mtO. I nm12g.X$>Z. istcifiiX, S TM©JSffl 
[0 004] pilots. iB^Jli L-THEEISift©* 

aw«Mb^«rt* a n> => y> f t^«»a©«BJB &m t »r . 

IBIS • H£*STMrtfi5c5]frffitf»3RSti-C»,»S [» 
BaBS 6 3 - 1 6 1 5 5 2#^$B. ^B8BS6 3-1615 
5 3#&«] . C©^j*(Cj;n«. Bflt©t?9 MMX 
tlOnmithtf, 10" bit/cm 2 4>©ASS 

[0 00 5 ] STM©«#>tc4>. f^^WTS^O 
-^T?l«H*«Sfr*BI*©tt«f4Ut. flHHHftMft 
&(AFM) . v^x<j7*;H£;frm^?#$>9. eti 

h*mfcLXi&2M-7u-7mkm (spm) 

[000 6] M«C. ^aW'l^b^SWt L#ift7 * 

h y vfuMK&m^x&ww^ 4 v 7"ii»tM© 

*JU7*>^U^'- (US P4, 90 6, 840)S?*5 

^iwf-teib^. f>«5l*tC«fc o^gp^e.©mEEn»Dtc 
r ztewc. -y- ^ xtctb l t a * & ^fic* tf *> c 

[0 0 0 7 ] */c. 0 7ie^f MM^±^ffJ 

zicm-ytt - 1 9 4 8 ) „ c©^©— 

»©iaD*iS»tt*ttficciaser*4©r. 0«tt£#ttfsEl 

ie^«:afiig©*ses/j^{iU''f- ; &^ia-r€>c <t^-c 

-SnKZWUD-? hC i(C<fc 0 U^--©5t4^3!»5StS©^|fi) 
(C^(4-r-5.©-C>Pf(Sj-rS^<*A©SEil^$lJ® U(C < l^© 
tc^L/. c©;fri£«Sff£EPta-f S cite ,1:0 u^--© 

[000 8 ] C©cfc ^nc h —> 3 >^S^J^{4u^- 
«±fB©<fc^^tS«toa^g^lCt.ffl©(i*HC. ^c<i(SlS 
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«K. E. PetersenK < t')i^Wc>"j3> 
tCjcST orsional Scanning Mir 
ror (IBM J. RES. DEVELOP. . VO 
L. 24. No. 5. 9. 1 980, pp631-63 
7 ) 

[0009] 

[&WifiM&:UJ:5t??>Wm] ±M<D£ >> ft r -J > 3 
>Seffl*/hati[ CC « i&£¥BB©«ttt&a&Sff**ffi/B 

TO^ftl^'S***-*.. 

( 1 ) W»nJtt<cBHMBH^$t>. f ftfc>*^{iffi*< 

(2) u^-iS«t©BlKffi|«*l9!WifP»D:a«:*j 
or. ffi|«©^:*3 3»/J>3i>©-C. U'<-&SCiMRM 

[ooio] tt±©ws*K:«t o . ^miommi*. v 
- & c t Mcftc c © j: ^ ft -7*0 - mm v 

[0011] 

6«. SS1CC, StS±^©*aG*a?$tt?rfeo^:7K¥^{c 

ssftwfiBK:@3e3nwrgB»«<t©ia«:ia«*w-rsa^ 

/]^{iu^*-©ii>ft < 1 1— gB*i«frfe*¥-^{c^pif fttt 
«tn> <h -r rm wcjg o r i» & c t t -r s r 

±#©ta 14* ofc*¥*(c»ttT»Jt8«:fflj£S 
m-f Z>T mcto^t. BuseSM^ft - ± 

keh{*£WI/ . lutees/j^a u^--©ii>ft < t b— as 

3 5C. ^1 ©T^^^x-^^^tS^RAtB^fflO^a 
-^ccfcor. eS/J^fiu^*-±«:W?RAtil^©7-^ 
9 ?-i)m n tt» h n r t » s twa Atn*i© p - * 

7"c&o. msec. B-rieieisw^D-^. ig^n-7'© 

WflHMR. Hijte7--r y7-<!:S^-r^*i*f4<t©ffigl*iEI 

gp-r^ateio'HiiteT-^ ^^^©p^tc^BE^entti 
^s3M££<®*fctf$g&si£S-c&9. areata 
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^©t'p-t'. te7'p-^©$iri3u#ig. fjiex-f -^i 
§a&a8{*©RflK:i8JE£Sijjn-r s «*. fcra^aniiis 

[0012] &±&*mxDffii$.&mv& k> . ^©i*ffl 
SO'mB tc -^t, » r (J JWTCc saw* 

[ooi3]ft*j. rr^^^i-^j «. ri^K-j 
+ rssj + r^f#g(jj + r^-©ffem@^©sg«)^isj -e 

10 ^ r/£S»/cf»$RAttl;>33M9:j -CttJ&Sn*. *C 

p-^j oiai«*fiftfO'Ctf5 c£©sg$ft3£ilt:r&fc 

[0014] 

ffSK.ti^n-T'a, u^-*JR?|«icSori,»S 
©-C. fi£*J$fl5(cj:a±TSeiW^©«EEE|l*a(cJ:iU 

tt&mtt *>me ©wm k> ictm u i>j i-jemtcm-t 
20 fcf <^*««i5f5i. '(^*S«:tktu^-© 
IBWBH3*«**<. w<-5te^£»5Ptf©l«R3a 5 A-t < 
ft S 7- P - :7TP$mi W -S^S 0 *5 (6)± L fc„ 
[0015] *:^©l«*Ja2K:cfc6Ti'^*i-^R 

IS^ 1 RCA* 3 ©«£ ilSHHT'* ^. 
[0016] g/c. ±Sg©ra*iA^ < ft S C t iC Jz 

30 ©H^#<<i:tl-2>©'C}^^*r6]±$1ffi6„ 
[0017] 

CUSSWI] ^(c, *^H^©i?SStajK-5C>rSffi*#ML 

tOO 18} hi *^©miBAm^ffl7"P--7'0 
©— HiSW©$4«0 . H 2 ©. (a)«. 11 ©t8$8A 
W^ffl^ » 7" 9 £ iffi «5 6 CcSfift ¥SicS-5 

( b ) «. < a ) *5p«|gi6 3 n/ct^^r^-T 
ttfr®^. @3©. (a)W. U^*-©Sf9aAd*sgft 
-5>!t^©7-p-^c-r5^-c. JSOffliJa^llfEfti©^ 
40 ^Sr7S-r*gif t -*©5 ,r -7 7. (b) «. -?-©U^-© 

[ 0 0 1 9 ] m 1 Zmmrtil* . >a>S!l^-£ 
Wr^^'P-^OCCfe^-C. ^,#H2±«:T1§@3*Jf? 
fi£ L tcis V =J > 1 ICSM 4 * 4> o T ^^tSit© U ^ < 

- 5 75Sff5^3nrc^ 0 u^'- 5 «MJ$*i©?g6 teas 

C©§J6«S:H5FS|J7tcll^. £!934vCl»&. U 
5 ©— §PtC^*ttI^ 6n/c <!: ^^6 {C*3D 0 JS^J 

U^v--5±ic«^lgS!i)ffl©±«S8. t»$RAW 
50 ^fflf^ 7*9 . t»?RAtH^fflie*§ 1 0*iJf5fiSbr* 
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<b-r^iC5r^ 0 *^D-^0B»6©e5um, 
S^SOamiU, U^5(DIS42 0 0 Mm, (SCO 
S3£l OOymil/Co U'*- 5CWBttBfi^;fr|fiJK: 

^O/iiiiiL/citJC, U^-a4SKW<DS0H»2/zm 

[0 02 0 ] ^CC^a^CD^P-^OCDlSJS^ffiCCOli 

[0 0 2 1 ] JM^ffiU't-SB. *3W*^n-fe^tt* 10 

B, x^>y^ »2(?>*«±fCf¥l(LfcU^- 
5£S« 1 0W*~xm7M£*rs£^K<fc*. 
[0 0 2 2 ] TSffi3. _b«ffi8, 1/^-5, 

1/7^77 S«SSc;x ^ * > y««cc J: £ . 20 
[0 0 2 3 ] i//^-4g6i*Slclt »B^cH2X«:j: 

b. a»cD»«t*«*o«*«Jir ma-cfe 

[0 0 2 4] *W»«6C*5C»T:ttW<-5 <h LTBMfcl' 
y a *y>yft«Cj:g 1 OOOnratiU/c 
±*C. *PAJ1 (8a)^50nm, ii(8b)^ 30 
/>'*#y>^&tt<fc9 1 5 OnraiSSL-r^CiCCj:^ 

[0 0 2 5 ] ±Kffi«*jS«:rfHHLfclS*. 
488S(DJ5 DI«2/2m«^ IBttpJflfettSfiaiB 1 7 

iJt«^r;bJ:*2fSra4. u-n-«D*ffi»ft 

fltLa{c*5w«fse**ffitcj:**ao«6 o 

*«BWK:j:-5*B0«9 5«fel±T*o3fc. 
[0 02 6] :£&c. *iMH<o^n-^©«rft«coi»ri» 
wrs. 40 

[0 0 2 7 ] ^"P-^0<D|g«l^ffiii, rm©3^(Dm 
&6#tai;ft*C4CCJ:tK U^-5£*WB» 

2 CO (a) <Dtt«*>6 (b) QttflUcXttTS. 
[0 0 2 8 ] ±8S©<t ^«C»«*CCct08B!BirS > 

W± CC tc 4 <b 8 WTSS5 3 tc^^tc ? I * r> Vi 6 ft 50 
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<DSIi&fii£03 (a) f (b) fc^-To U^-5<D**f*. 
3*6 CDS 3, ML l/^-StaifiliOfty^t** 

t I *^Ci # W* W ft /c e 

[0 02 9 ] #cc, »2©WI«ccoc»rBiwr*. 

[0 03 0 ] MA(D, (a) B. ^2CDH»J^^n- 
^2 0r, M2 (a) CMte&ntttt^OKBBL 

( b > B % (a ) jMBIW1EE**WT> U 
KRJSKS0*J4DA:«Btm1-|lrIH, < c > B, 

( b ) W»«KttSfttett»«T7n-rWrffliar*4. 

[0 03 1 ] «C*5. 0 

[0 0 3 2 ] H4 (a) ^#Mtntf, 2 0 

B. «l±*clMUB»ffl©T««3 3WI5«J3ti, ^ft 
t*to±««:IMIW*5jlWfc3ftri»*. c<dS«i<£>± 
;&&c£E84*4>-oT U^-5#flJJ&3ftTt>€> 0 C<DU 
^5B, MJ*%oaS6CcHS3ftCO»6{*3EJ#SB7 
icHS, 3:J#3ftTC>£ 0 U^-5(D— SBtC^WflDA 
£>ft/c4£, asecctaC/Oite&t^iiu^-SBRe* 
»ti1"4flBll#iiIttr*4. U^-5±«:B#SIB«i 
aVEE«IBtt*tf 9 l l v JBEWBttiffS 

[0 03 3] ***MWCC*$l>rBU'^-5 <t UBltJ' 
•J3>4^7 # y > Office J: 5 I 0 0 0 nm*£SU 
cpSffil 1 iltT^^^A (A 1 ) £ 1 0 0 nm, 

je«{*i 2 4ur^{tr;U5 -^^a (ain)?:500 

nm««U 3 6CC±m@8S^1ffaAW^ffl@e^l 0 
ilt^a^5nm, ^*10 0nmtfitaci{C 

[0 03 4] CO^a-^2 OtDttfPtcot^rgftWr 

So 

[0 03 5 ] Uy<-OK»*ffiB» 5t^±*ffi8, *H 
©1 IMOESIEKk l l v TH@3P.geD3!> 

«IKltt©2aBT l tf«ctoft4. ±SfilCc«ff**PAftCi 
«^8H4 (a) <D<fc9«CU/<-5#^tKrA5. 5fc 
2*B3tf±Sffi8 4*»ffii 1«CS 

J3E££Pfl[Tr£ 0 A(*W(CB**«1 l^rOmfiiU, ± 
^ffiSWUgSb^EE^ftaxSCi^ctO, 04 (b)<D<k 

*1S1 1 4T»B3iaftc»WiaWiP«c<fco'Cl/^-5 
(D«4a8WT«ffi3tc3l*aF-l*6ft, IKeWiaOftSC 
tlc£0, H4 (c) CC7SrJ:^^u^-5±f**«H^F 
«K6«M<i>&(/rtSttL. U'<-5 5fcJ8CCKW6ft/c 



7 

[003 6] *Hj»W©^D-^20«g86©ifi5 u 
m, fi3 5 0jim£U U^- 5 6**1514 2 0 0 a 
m, MOfi3«r 1 0 0 ymiO/c, #Se5SWCC±«ffi 8 
K5 V(Dmff4EP»-r&C r>Sg6<D{4g<D U-r«- 

g 0 S4 0 m m i L /c £ t CD U ' <-f*Sa6B<D£ 0 fi# 2 

fci^2fgr&^> 0 10 

*©«B»«ffcte»j£ur. *cc«jEfctt*4«j#-rSift 

g#£>£o SfbTJl/S-^A (A 1 N) <D±H©8CD^ 
ffi*ftDffl-T&CitcJ:0. U^-5<Dftm*a«r— sec 

[0 03 8 ] HtS«l<D^Ci-^*flefflLfc«* 

[OO39]05«, 1 OUSS^JCD^n - ^ (SB 
±, #8S#-^l OOtcr^-To ) 4ffll>fc#£MH<Dj£S 

P-^l 0 OOlsJ*- l o 2 4JB(SLfc^y =i>Sfil 

o 1 ^";n>s«i o i4z*r^caK8ft"r^>*flW)ffl 

Kmm* 10 5. tBBIlfllffiWR^ 1 0 5&tfU><- 1 o 
2 4WH*B«:«ifiSti:4aifi««l 114, SlBKff* 

r&wttt©K» io3, m4 1 o 3 zxY-xfabam 

[0 040] *&C, *W««©»f¥ft«9ir SifiM 30 

mi i4», z*rsj©^a6x^-^6«o, *sb^/c 

«^r-^-CCcfc0, 1 0 2 0f ^ » 7*#13£fl 0 

3<Dmm^cmw}mEEmm^i o scd* ba-?rtccA& 

9«ifi<D«&4*x$r~-rs*\ fcl<»U^10 2 

UfcB»j£r^4ff± , rs. ^ l o 3CDUm(C«. 

*4 l 0 3 if-r ^^^©raccSfcn* h> 40 

iB110*autf-fy :74K«*H<D¥*BIi#— 
S<bft£J:^tU^~ 1 0 24Z*|nICcSiJ®uri»4. 

1 0 2 4XY(4S*tJ©lsl8gl 0 9*ex 

JQ^tU/c h>*;U«i^1*Hl<**V ^ft43«[5J3Sl 

bt- K<DSPM«j&n#e>nio spm 

fktt. HSEffiS. /cix.«2^7cHii^ yxSESl (FF 
T) ^^CDfflS4Lrf s ^ X^U W 1 1 3tc^?n 50 
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-e<£>i^ U'*- 1 0 2CDZ*[SjCD^n^ 

0 5 4831>T H>*Jl/SffitfcttJ@!Sl 0 7<Dft-^ 
4Z*rfiJ*flS()l^iiJlHlSgl 1 l4iiUT, 0. 0 1-0, 

4^1*&<h#^ S*|BHW(DXY*«l«*l 0 44XY8R 
ttRttBBSl 1 5CC<fc9XY2n*«C5£tt3tL BfaofB 
®Cf ^ ^^*-6^^CCUTg|^4^f^o 

[0 0 4 1 ] *$mW<DJz5lc s h-^3>SU^* 

[0 0 4 2 3 ^cc. JOWUlO^a-ytflMBLfcWIK 

[0 04 3 ] H6«, SlCOHJfiWO^P-^ (flES 
±. #JK##2 OOK-CtST. ) 4JBl>fc##69!<DBB» 
W^*K©flteJt«4^r^a ? *Erc**. ^p-^2 

oocD^un>sffi2o i±cc« k *^<d» i mfcm 
ecj:4^p-^o^fflaiBasnr*$o, ^ti-ttio^ 

D - 202CCJ:orS«201±«:3E»SnfcU 

205 t»iaj-r*««:E«ur **. T»«S2 0 6 

tt, JStt^^v ^P p 4©IBCC«ffi4Epai-r*fc«><D«S 
r*^> 0 8BfiM«tt2 0 5W. h>*Jl/«SSfflf"^ ^^2 
0 4 3&>6*^T4 h>*;l/S8K6Cj:Oi^i«f*2 0 5* 
ffiOBtt4QSa (Staufer, AppL Phy 
s. Letters. 51 (4), 2 7, July. 1 
9 8 7. p 244«J/dW(Heinzelm 
ann. AppI. Phys. Letters. Vo 
I. 53. No. 24. Dec. . 1 98 8, p244 

ltd 4^69036 3 - 1 6 1 5 5 2^-&*RtCfB4S$n/c 

[0 044] W*«E3W9XS«<D±KTttW«2 0 
5 ecc-eo±CC^4 3 0 n mBiaSCCck 0^L//cfc(D4 

-e<D±ccLB^ccj:^rx^r ';^ix-b*x- 

6-^^^JUTXU> (SOAZ) 44HmHL/c<bO 

3?4ffii»s. ^-^^880882 o sttsaa-r^*^-^ 

48B»«caL/c«#CCfflWr4. IB»«EEn»ia6B2 0 
9«f r -^^P(elffi2 0 8r^S3Sn/cff^4fB^MM* 
2 0 5£f*^ W'2 0 40fB^^E4Epj]ll-r^>C<*:'Cie 
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mm&2 o 5±&ciaia-rs. 9 < -> 7*2 0 4 *iBH«&<* 

2 0 5{cSTSfaPS$-Cifi-5WfB^BEEn»n^S2 0 9 JC 
«fc-?-C{Rl;tB3 V. tI5 0 n s©55§Ji5^^U^E^En 
JJDT -5 1 . IBS5j®<* 2 0 5 jtfftttSHt&e C L^ffil/t 
©fi^SP^-^C-S. X-YXf-i>2 0 7*ffll,>t, 
C ©&re£ f 0^204 "Cf B^SSft 2 0 5 ffi±fj£ffi 

[0 04 5] fBtSfM-^-t^tti(HlS§2 10B, 9 7'2 0 
4 <hlBS$!£f*2 0 5 i©WK:^)E^Enfl[lb-CM^fffl«:^ 
fth\^*)\''mi&kW&-$h. f-ZWSM&l 1 1 
B> !SS$fg-s§tfcttilHl»&2 l 0©t£mofch >*;n§fi£fi 
^£fgl@-f H^B$CC«7- * v y'2 0 4 ilSS*«S(*2 

0 5 i?r&f5cra^cOie^E«fc «*.« 2 0 0 
m V©ilijit1I0E=&:r ^7^2 0 4 0 5 NIC 
AH*.*. C©ttfflrC8S»«#2 0 SiOKIfc^-fWK: 
rQoTfw y7*2 0 4CCT^24J^ie^f^WlElSS2 20 

1 0 4fflt»r^tB3ti5 h >*;V««5fs#* J ieJSi-7 t -5f 

fI#{c*tit«-r-5. SE-or. c©^mofch>^;um^<i 
^•$:SSa^BE^^U-CtB^L/-Cf r -^«igI[5ISg2 1 ir 
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